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ABSTRACT 



Misconnections between communications circuits in a 
bidirectional line-switched ring transmission system are 
essentially eliminated by deterministically squelching in 
adjacent ring nodes, i.e., loop-back-switching nodes, 
communications circuits terminated in failed ring nodes 
in the ring transmission system. The deterministic 
squelching is realized by provisioning the ring nodes 
with all active communications circuits including those 
passing through the node which are terminated in other 
ring nodes in the bidirectional line-switched ring trans- 
mission system. Then, when one or more adjacent ring 
nodes fail, all active communications circuits termi- 
nated in those failed ring nodes are squelched in the 
adjacent ring nodes, i.e., in the loop-back-switching ring 
nodes. 

21 Claims, 8 Drawing Sheets 
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FIG. 4 shows, in simplified block diagram form, de- 

APPARATUS AND METHOD FOR PREVENTING tails of an AIS insert unit employed in the squelcher of 

COMMUNICATIONS CIRCUIT FIG. 3; 

MISCONNECTIONS IN A BIDIRECTIONAL FIG. 5 is an exemplary ring node ID table included in 

LINE-SWITCHED RING TRANSMISSION SYSTEM 5 memory of the controller of FIG. 2; 

FIG. 6 is an exemplary communications circuit ID 

CROSS-REFERENCE TO RELATED table also included in memory of the controller of FIG. 

APPLICATION 2 f <> r ring node 104; 

TTC . 0 ^ ^ , FIG. 7 is an exemplary communications circuit ID 

U.S. patent apphcation Ser. No. 07/855,795 was filed 10 ^ mcluded in memory of the controller of FIG. 2 for 

concurrently herewith. ring node 103; 

TECHNICAL FIELD 8 is a flow chart illustrating the squelch opera- 

tion of the controller of FIG. 2; 
This invention relates to ring transmission systems FIG. 9 illustrates the failure message transmission for 
and, more particularly, to bidirectional line-switched 15 a complete fiber failure in the bidirectional line- 
ring transmission systems. switched ring transmission system; 

BACKGROUND OF THE INVENTION J 1 ^: " aluStrate f ^.. Mlare ™«f transmission 

for a single ring node failure m the bidirectional line- 
It is known that misconnections between telephone switched ring transmission system; and 
communications circuits can possibly occur in bidirec- 20 FIG. 11 illustrates the failure message transmission 
tional line-switched ring transmission systems under f° r a multiple ring node failure in the bidirectional line- 
ring node failure conditions. Accordingly, arrange- switched ring transmission system, 
ments have been devised to prevent such misconnec- DETAILED DESCRIPTION 
tions. Specifically, the prior known arrangements em- 
ploy a so-called squelching mechanism at the ring node 25 FIG * 1 shows ' in simplified form, bidirectional line- 
which includes either the communications circuit entry switched ring transmission system 100, which for brev- 
or exit point on the ring that has a communications Ky and clari^ of exposition is shown as including only 
circuit terminating in a failed ring node. Although the ™f- nod f through 10 *i each T^TT 5 *u ^ 
occurrence of a communications circuit misconnection, , ft J 0 *™ ^ the invention. Rmg nodes 101 through 104 
• . 1V , *v * r j i 30 are interconnected by transmission path 110 in a coun- 
imemgioie or otnerwise, or any duration, however ter-clockwise direction and by transmission path 120 in 
short, is extremely undesirable and is to be avoided, the a clockwise direction . In this le> transmission 
known arrangements are effective only to prevent so- paths 110 ^ 120 m comprised of optical flbers and 
called long term misconnections. "Short term", or each could be comprised of a single optical fiber or two 
transitory, misconnections am still a real possibility. 35 (2 ) opt ical fibers. That is, bidirectional line-switched 
SUMMARY OF THE INVENTION transmission system 100 could be either a two (2) 

optical fiber or a four (4) optical fiber system. In a two 
The problem of undesired telephone communications (2) optical fiber system, each of the fibers in transmis- 
circuit misconnections occurring in prior bidirectional sion paths 110 and 120 includes service bandwidth and 
line-switched ring transmission systems is overcome, in 40 protection bandwidth. In a four (4) optical fiber system, 
accordance with the invention, by deterministically each of transmission paths 110 and 120 includes an opti- 
eliminating all possible communications circuit miscon- cal fiber for service bandwidth and a separate optical 
nections. This deterministic elimination of communica- fiber for protection bandwidth. Such bidirectional line- 
tions circuit misconnections is realized, in accordance switched ring transmission systems are known. In this 
with the principles of my invention, by controllably 45 example, transmission of digital signals in the SONET 
squelching, i.e., blocking, communications circuits ter- digital signal format is assumed. However, it will be 
minated in failed ring node(s) in ring nodes adjacent to apparent that the invention is equally applicable to 
the failed ring node(s), i.e., the loop-back-switching ring otner digital signal formats, for example, the CCITT 
nodes for the failed ring node(s). To this end, communi- synchronous digital hierarchy (SDH) digital signal for- 
cations circuit provisioning information for each partic- 50 mats * In this exa mple, it is assumed that an optical OC-N 
ular ring node includes the identity of all the ring nodes SONET digital signal format is being utilized for trans- 
in which communications circuits active in the particu- raission over transmission paths 110 and 120. The 
lar ring node terminate. The provisioning information is digital signal formats are described in a Tech- 
provided whether the communications circuits are to be „ ^ x ^T y 'e US y nch ™ nous °Pl ical Network 
added and/or dropped by the particular ring node or 55 ^SSS^ n™* °T 
passed through the particular ring node. slrch^^^^ 

BRIEF DESCRIPTION OF THE DRAWING II is noted that requests and acknowledgments for 

In the Hm ■ protection switch action are transmitted in an automatic 

ie i uie arawing: , 60 protection switch (APS) channel in the SONET over- 

FIG 1 shows, in simplified block diagram form, a head accompanying tne protec tion bandwidth on each 

bidirectional line-switched ring transmission system of transmission paths 110 and 120. The APS channel, in 

mcluding ring nodes incorporating the invention; the SONET format, comprises the Kl and K2 bytes in 

FIG.. 2 shows, in simplified block diagram form, de- the SONET overhead of the protection bandwidth. The 

tails of a ring node including an embodiment of the 65 Kl byte indicates a request of a communications circuit 

invention; f or sw j t ch action. The first four (4) bits of the Kl byte 

FIG. 3 shows, in simplified block diagram form, de- indicate the switch request priority and the last four (4) 

tails of a squelcher used in the ring node of FIG. 2; bits indicate the ring node identification (ID). The K2 



06/21/2004, EAST Version: 1.4.1 



5,442,620 

3 4 

byte indicates an acknowledgment of the requested 120 to receiver 214 and, therein, to optical/electrical 

protection switch action. The first four (4) bits of the (O/E) interface 215. In turn, demultiplexer (DEMUX) 

K2 byte indicate the ring node ID and the last 4 bits 216 yields a STS-M signal which is supplied via 

indicate the action taken. For purposes of this descrip- squelcher (S) 217 to broadcast element 218. Broadcast 

tion, a "communications circuit" is considered to be a 5 element 218 replicates the STS-M signal into a plurality 

SONET STS-3 digital signal having its entry and exit of identical STS-M signals, in this example, three (3). 

points on the ring. One STS-M signal is supplied to an input of 3:1 selector 

Each of ring nodes 101 through 104 comprises an 207, a second STS-M signal is supplied to an input of 2:1 

add-drop multiplexer (ADM). Such add-drop multi- selector 208 and a third STS-M signal is supplied to an 

plexer arrangements are known. For generic require- 10 input of 3:1 selector 209. An output from 3:1 selector 

ments of a SONET based ADM see the Technical Ref- 209 is supplied via squelcher (S) 219 to transmitter 220. 

erence entitled "SONET ADD-DROP Multiplex In transmitter 220, multiplexer (MUX) 221 multiplexes 

Equipment (SONET ADM) GENERIC CRITERIA", the STS-M into an electrical OC-N and, then, electrical- 

TR-TSY-000496, Issue 2, September 1989, Supplement /optical (E/O) interface 222 supplies the optical OC-N 

1, September 1991, Bell Communications Research. In 15 signal to transmission path 120. 

this example, the ADM operates in a transmission sense Controller 205 operates to effect the deterministic 

to pass signals through the ring node, to add signals at squelching of communications circuits, in accordance 

the ring node, to drop signals at the ring node, to bridge with the principles of the invention. Controller 205 

signals during a protection switch and to loop-back- communicates with receivers 201 and 214 and transmit- 

switch signals during a protection switch at the ring 20 ters 211 and 220 via bus 223 and with interface 224 via 

node. bus 227. Specifically, controller 205 monitors the in- 

FIG. 2 shows, in simplified block diagram form, de- coming digital signals to determine loss-of-signal, 
tails of ring nodes 101 through 104, including an em- SONET format K bytes and the like. Additionally, 
bodiment of the invention. In this example, a west (W)- controller 205 causes the insertion of appropriate K 
to-east (E) digital signal transmission direction is as- 25 byte messages for protection switching purposes, exam- 
sumed in the service bandwidth and the protection pies of which are described below. To realize the de- 
bandwidth on transmission path 110. It will be apparent sired deterministic squelching of the communications 
that operation of the ring node and the ADM therein circuits, controller 205 is advantageously provisioned 
would be similar for an east (E)-to-west (W) digital via bus 228 with the identifies (IDs) of of all the commu- 
signal transmission direction in the service bandwidth 30 ideations circuits passing through the ring node, as well 
and the protection bandwidth on transmission path 120. as, those communications circuits being added and/or 
Specifically, shown is transmission path 110 entering dropped at the ring node and the identities of all the ring 
the ring node and supplying an OC-N SONET optical nodes in bidirectional line-switched ring 100. The 
signal to receiver 201, where N could be, for example, squelching of communications circuits under control of 
12 or 48. Receiver 201 includes an optical/electrical 35 controller 205 to effect the invention is described be- 
(O/E) interface 202 and a demultiplexer (DEMUX) low. 

203, which yields at least one (1) STS-M SONET digi- Interface 224 is employed to interface to a particular 
tal signal. Such O/E interfaces and demultiplexers are duplex link 225 and could include any desired arrange- 
known. In this example, M is assumed to be three (3) ment. For example, interface 224 could include a DS3 
and N is greater than M. The STS-M signal output from 40 digital signal interface to a DSX, a STS-1E (electrical) 
DEMUX 203 is supplied to squelcher (S) 204 which SONET digital signal interfacing to a DSX, an optical 
under control of controller 205 controllably squelches, extension interface to an OC-N SONET optical signal 
i.e., blocks, particular incoming communications cir- or the like. Such interface arrangements are known, 
cuits by inserting an alarm indication signal (AIS), as Specifically, a signal (R) to be dropped at the ring node 
described below. Details of squelcher (S) 204 are shown 45 is supplied to interface 224 via 2:1 selector 208, under 
in FIGS. 3 and 4 and its operation is described below. control of controller 205, from either broadcast element 
Thereafter, the STS-M signal, squelched or otherwise, 206 or broadcast element 218. In turn, interface 224 
is supplied to broadcast element 206. A broadcast ele- supplies the appropriate signal to duplex link 225. A 
ment replicates the STS-M signal supplied to it and signal (T) to be added at the ring node is supplied from 
supplies the replicated signals as a plurality of individual 50 duplex link 225 to interface 224 where it is converted to 
outputs. Such broadcast elements are known. Broadcast the STS-M digital signal format, if necessary. The 
element 206 generates three identical STS-M signals STS-M digital signal is then supplied to broadcast ele- 
and supplies one STS-M signal to an input of 3:1 selec- ment 226 where it is replicated. The replicated STS-M 
tor 207, a second STS-M signal to an input of 2:1 selec- digital signals are supplied by broadcast element 226 to 
tor 208 and a third STS-M signal to an input of 3:1 55 an input of 3:1 selector 207 and an input of 3:1 selector 
selector 209. An STS-M signal output from 3:1 selector 209. In this example, 3:1 selectors 207 and 209, under 
207 is supplied to squelcher (S) 210, which is identical to control of controller 205, select the signal being added 
squelcher (S) 204. Squelcher (S) 210 is employed, under for transmission in the service bandwidth or the protec- 
control of controller 205, to squelch particular outgoing tion bandwidth on either transmission .path 110 or trans- 
communications circuits. The STS-M signal output 60 mission path 120. 

from squelcher (S) 210 is supplied to transmitter 211 It should be noted that, in this example, the normal 
and, therein, to multiplexer (MUX) 212. The output of transmission path for a digital signal being added at the 
MUX 212 is an electrical OC-N digital signal, which is ring node would be in the service bandwidth on trans- 
interfaced to transmission path 110 via electrical/opti- mission path 110 and transmission path 120, for exam- 
cal (E/O) interface 213. Such multiplexers (MUXs) and 65 pie, towards the west (W). If there were to be a protec- 
eiectrical/optical (E/O) interfaces are well known. tion switch, the signal (T) being added from interface 
Similarly, in the east (E)-to-west (W) direction an 224 would be bridged via broadcast element 226 and 
OC-N optical signal is supplied via transmission path chosen by 3:1 selector 207, under control of controller 
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205, to the protection bandwidth on transmission path are squelched, however, it may only be necessary to 
110. Similarly, if there were to be a loop-back protec- squelch outgoing communications circuits, 
tion switch and the ring node was adjacent to the fail- FIG. 3 shows, in simplified block diagram form, de- 
ure, the signal (R) to be dropped at the ring node would tails of an exemplary squelcher (S) unit. Specifically, the 
be received in the protection bandwidth on transmission 5 STS-M digital signal is supplied to demultiplexer 
path 120 and would be switched from broadcast ele- (DEMUX) 301 where it is demultiplexed into its con- 
ment 218 via 2:1 selector 208 to interface 224. It is noted stituent M STS-1 digital signals 302-1 through 302-M. 
that "failure" or "ring node failure' as used herein is The M STS-1 digital signals are supplied on a one-to- 
intended to include node equipment failure and so- one basis to AIS insert units 303-1 through 303-M. AIS 
called node isolation failure caused by optical fiber cuts, 1° insert units 303-1 through 303-M, under control of con- 
cable cuts or the like. Otherwise, the signal (R) to be trailer 205, insert the AIS in the STS-1 digital signals 
dropped would be switched in a ring node adjacent the included in the communications circuits, i.e., STS-M 
failure from the protection bandwidth on transmission digital signals, to be squelched. Details of AIS insert 
path 120 to the service bandwidth on transmission path 303 m shown in FIG. 4 and described below. 
110 and received at the ring node in usual fashion. Then, 15 Thereafter, the M STS-1 digital signals are multiplexed 
the signal (R) being dropped from transmission path 110 in multiplexer (MUX) 304 to yield the desired STS-M 
is supplied via broadcast element 206 and 2:1 selector digital signal. The details of multiplex schemes for the 
208 to interface 224. STS-M digital signal are described in the technical ad- 

As indicated above, controller 205 monitors the sta- visor > r TA-NWT-000253, noted above, 

tus of interface 224 and the digital signal supplied 20 .f IG 4 ^ ows > m simplified block diagram form, de- 

thereto via bus 227. Specifically, controller 205 moni- °* AlS , ins . ert umts 303 ' Specifically shown is a 

tors interface 224 for loss-of-signal, coding violations SJ S -1 digital ^ b £f? s 7* hed *? S enerator 

and the like, i.e., a signal failure condition. jj} 3X1(1 t0 one m P ut ° A f T ?;! ^ISL 4 ^.^ generator 

Under control of controller 205, digital signals may „ K !? m ^ 

be passed through, added at, dropped at, bridged at or 25 £ dl ^ d ^% techmC ? *W T^^"^ 3 ; 

loop-back-switched at the ring node. A loop-back- ' he fjf/ 1 ^ ™f °™ S J} $ 1 ' n * he S J S ; 1 

swkch of an STS-M digital signal incoming in the ser- ^^t^?' *? ^ H3 ^ h T f 

vice bandwidth on transmission path 110 is effected by £ S C ? P ^ <*^«» payload envelope) Se- 

controller 205 causing 3:1 selector 209 to select the 3Q w 205 ^ 

crc ir v j *i A j 30 ler 205, either the incoming STS-1 digital signal or the 

STS-M digital sign* from broadcas element 206 and ^ ^ $i d ^ A S I§ % 1S 

supplymg it via squelcher (S) 219 to transmitter 220. In atQr 401 

turn, transmitter 220 supplies an OC-N optical signal to FIG. 5 is a table including the identification (ID) of 

the protection bandwidth on transmission path 120. It d nodes 101 104 The ri node IDs are 

will be apparent that m the loop-back-switch operation, 35 stored m a look ^ which is provisioned via 22 8 in 

if thesignal " "coming inas^ic^bandwidthontrans- m of controller 2u5 . As indicated above, the ring 

mission path 110, it will be loop-back-switched to the node IDs are 4 bit words and are included in the second 

protection bandwidth on transmission path 120 and vice 4 bits of the K1 bytes ^ ±e first 4 bits of the ^ ^ 

versa. If the signal is mcommg in protection bandwidth ^ n ^ A p§ cna nnel 

on transmission path 110, it will be loop-back-switched 40 nG . 6 is uiustrative of a table including the identifi- 
to the service bandwidth on transmission path 120 and ^tkm of ^ the active communications circuits in a ring 
vice versa. A signal to be added at the ring node is node> in this example, ring node 104, for a counter- 
supplied from interface 224 replicated via broadcast clockwise orientation of nodes 101 through 104. The 
element 226 and selected either by 3:1 selector 207 or active communications circuits include those being 
3:1 selector 209, under control of controller 205, to be 45 added , being dropped or passing through ring node 104. 
added on transmission path 110 or transmission path Th e table including the IDs of the active communica- 
120, respectively. A digital signal to be dropped at the tions circuits in the ring node are provisioned via 228 in 
nng node is selected by 2:1 selector 208, under control a look-up table in memory of controller 205. Shown in 
of controller 205, either from broadcast element 206 th e table of FIG. 6 are the STS-M communications 
(transmission path 110) or broadcast element 218 (trans- 50 circuit numbers (#) b through f, the ring node including 
mission path 120). The pass-through and loop-back- the communications circuit entry point, i.e., the A ter- 
switch functions for a signal incoming on transmission mination for the communications circuit, and the ring 
path 120 is identical to that for an incoming signal on node(s) including the communications circuit exit 
transmission path 110. point(s), i.e., the Z terminations) for the communica- 
Possible communications circuit misconnections are 55 tions circuit. For a communications circuit, for example 
avoided in bidirectional line-switched ring 100, in ac- STS-M(b), which is being broadcast to a plurality of 
cordance with the invention, by deterministically ring nodes, all the Z termination ring nodes are shown, 
squelching communications circuits terminated in a Thus, the communications circuit ID table of FIG. 6, 
failed ring node in ring nodes adjacent to the failed ring shows that STS-M(b) enters ring 100 at ring node 104 
nodes(s). The adjacent failed ring nodes can include a 60 and is broadcast to ring nodes 101 and 102, STS-M(c) 
plurality of nodes including those that appear to be enters ring 100 at ring node 103 and exits at ring node 
failed because of being isolated by other failed ring 101, STS-M(d) enters ring 100 at ring node 102 and exits 
nodes or by fiber and/or cable cuts. To this end, each at ring node 101, STS-M(e) enters ring 100 at ring node 
ring node in bidirectional line-switched ring transmis- 103 and exits at ring node 102 and STS-M(f) enters ring 
sion system 100 is typically equipped to effect the de- 65 100 at ring node 103 and exits at ring node 104. Al- 
sired squelching via squelchers (S) 204, 210, 217 and though the ring nodes designated A terminations are 
219, under control of controller 205. In this example, considered entry points and the ring nodes designated Z 
both incoming and outgoing communications circuits terminations are considered exit points, it will be appar- 
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ent that the individual communications circuits may be dance with the invention. For the purpose of squelching 

duplex circuits having entry and exit points at each such a broadcast communications circuit, only the first "A" 

node. It should be noted that heretofore only the identi- and last "Z" terminations are used to trigger the 

ties of communications circuits being added and/or squelching. Operational block 804 causes the communi- 

dropped at the node were provisioned therein, but not 5 cations circuits not terminated in the failed ring node(s) 

those communications circuits passing through the ring. to be bridged and switched to "heal" the ring. Thereaf- 

FIG. 7 is illustrative of a table including the identifi- ter, the process is ended in step 805. 
cation of all the active communications circuits in a ring FIG. 9 illustrates the failure message transmission in 
node, in this example, ring node 103. The active com- the automatic protection switch (APS) channel Kl 
munications circuits include those being added, being 10 bytes for a transmission path failure in bidirectional 
dropped or passing through ring node 103. The table line-switched ring 100. In this example, the failure is 
including the IDs of the active communications circuits shown as being in transmission paths 110 and 120 be- 
in the ring node are provisioned in a look-up table in tween ring nodes 101 and 102. Ring node 101 detects 
memory of controller 205. Shown in the table of FIG. 7 loss-of-signal from ring node 102 on incoming transmis- 
are the STS-M communications circuit numbers (#) a 15 sion path 120. Loss-of-signal as used herein is intended 
and c through f, the ring node including the communi- to include other indicators such as loss-of-frame, high 
cations circuit entry point, i.e., the A termination for the bit error rate or the like. Then, ring node 101 transmits 
communications circuit, and the ring node(s) including a line-switch request message identifying the signal 
the communications circuit exit point(s), i.e., the Z ter- from ring node 102 as having failed in the APS channel 
mination(s) for the communications circuit. Thus, the 20 Kl byte on transmission path 120 away from the failure 
communications circuit ID table of FIG. 7, shows that toward ring node 104. This line-switch request message 
STS-M(a) enters ring 100 at ring node 101 and exits ring is designated SFjr/102. Ring node 101 also transmits a 
100 at ring node 103, STS-M(c) enters ring 100 at ring span-switch request message in the APS channel Kl 
node 103 and exits at ring node 101, STS-M(d) enters byte on transmission path 110 towards the failure. The 
ring 100 at ring node 102 and exits at ring node 101, 25 span-switch request message is designated SFs/102. It 
STS-M(e) enters ring 100 at ring node 103 and exits at should be noted, however, that a span switch request is 
ring node 102 and STS-M(f) enters ring 100 at ring node only issued and can only be realized in a four (4) fiber 
103 and exits at ring node 104. Although the ring nodes bidirectional line-switched ring transmission system 
designated A terminations are considered entry points 100. Ring node 104 recognizes that the line-switch re- 
and the ring nodes designated Z terminations are con- 30 quest message SFl/102 in the incoming APS channel 
sidered exit points, it will be apparent that the individual Kl byte does not identify an adjacent ring node and 
communications circuits may be duplex circuits having passes the line-switch request message on to ring node 
entry and exit points at each such node. 103. Similarly, ring node 103 passes the line-switch 

FIG. 8 is a flow chart illustrating the operation of request message on to ring node 102. In turn, ring node 

controller 205 in controlling the operation of the ring 35 102 recognizes its own ID in the SFi/102 line-switch 

nodes in order to effect the detenninistic squelching of request message, which indicates to ring node 102 that 

communications circuits in the presence of a failure, in a ring node has not failed. Since there was no ring node 

accordance with the invention. Specifically, the process failure, there is no need to squelch any of the communi- 

is entered via step 801. Then, operational block 802 cation circuits active in ring node 102. Ring node 102 

causes the K bytes of an incoming OC-N signal to be 40 does, however, effect a loop-back-switch of communi- 

observed and processes the ring node IDs therein. cations circuits received at the ring node in the service 

Then, conditional branch point 803 tests to determine if bandwidth on transmission path 120 to the protection 

the processed ring node IDs indicate that one or more bandwidth on transmission path 110 for communica- 

ring nodes have failed. Again, a ring node failure is tions circuits intended for other ring nodes in ring 100. 

defined as to include node equipment failure and so- 45 Ring node 102 also effects a ring loop-back-switch of 

called node isolation failure caused by fiber cuts and the communication circuits entering the node that were 

like. Specific examples of failure conditions are dis- intended to be transmitted in the service bandwidth on 

cussed below. Thus, if the processed ring node IDs transmission path 120 to the protection bandwidth on 

indicate no ring node failure, the failure is other than a transmission path 110. Any communication circuits 

ring node and operational block 804 causes the usual 50 received at ring node 102 that are intended to be 

bidirectional ring bridging and switching to be effected. dropped from either the service bandwidth or protec- 

Thereafter, the process is ended via step 805. If the tion bandwidth on transmission path 120, are supplied as 

processed ring node IDs indicate a multiple ring node described above, under control of controller 205, to 

failure, operational block 806 causes the failed ring node interface 224 (FIG. 2). 

IDs to be obtained from the ring node ID look-up table 55 Similarly, ring node 102 detects a loss-of-signal from 

in memory. Then, control is passed to operational block ring node 101 on transmission path 110 because of the 

807 which causes the identity (ID) of the affected com- failure in transmission paths 110 and 120 between ring 

munications circuits to be obtained from the communi- nodes 101 and 102. Then, ring node 102 transmits a 

cations circuit ID look-up table in memory. If step 803 line-switch request message identifying the signal from 

indicates a single ring node failure, the failed ring node 60 ring node 101 as having failed in the APS channel Kl 

ID is already known and control is passed directly to byte on transmission path 110. This line-switch request 

step 807. Once the affected communications circuits are message is designated SF^/101. Ring node 102 also 

identified, operational block 808 causes the appropriate transmits a span-switch request message in the APS 

ones of squelchers (S) 204, 210, 217 and 219 (FIG. 2), in channel Kl byte on transmission path 120 towards the 

this example, to squelch those identified communica- 65 failure. The span-switch request message is designated 

tions circuits in the ring node. As indicated above, all SFs^lOl. Again, it should be noted that a span switch 

communications circuits active in this ring node that are request is only issued and can only be realized in a four 

terminated in a failed ring node are squelched, in accor- (4) fiber bidirectional line-switched ring transmission 
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system 100. Ring node 103 recognizes that the line- 
switch request SFl/101 in the incoming APS channel 
Kl byte does not identify an adjacent ring node and 
passes the line-switch request message on to ring node 
104. Similarly, ring node 104 passes the line-switch 5 
request message on to ring node 101. In turn, ring node 

101 recognizes its own ID in the SF^/101 line-switch 
request message, which indicates to ring node 101 that 
a ring node has not failed. Since there was no ring node 
failure, there is no need to squelch any of the communi- 10 
cation circuits active in ring node 101. Ring node 101 
does, however, effect a loop-back-switch of communi- 
cations circuits received at the ring node in the service 
bandwidth on transmission path 110 to the protection 
bandwidth on transmission path 120 for communica- 15 
tions circuits intended for other ring nodes in ring 100. 
Ring node 101 effects a ring ioop-back-switch of com- 
munications circuits entering the node that were in- 
tended to be transmitted in the service bandwidth on 
transmission path 110 to the protection bandwidth on 20 
transmission path 120. Any communications circuits 
received at ring node 101 that are intended to be 
dropped from either the service bandwidth or protec- 
tion bandwidth on transmission path 110, are supplied as 
described above, under control of controller 205 to 25 
interface 224 (FIG. 2). 

FIG. 10 illustrates the failure message transmission in 
the automatic protection switch (APS) channel via the 
Kl byte for a single ring node failure in bidirectional 
line-switched ring 100. In this example, the failure is 30 
shown as being in ring node 101. Ring node 102 detects 
a loss-of-signal from ring node 101 on transmission path 
110 because of the failure of node 101. Then, ring node 

102 transmits a line-switch request message identifying 
the signal from ring node 101 as having failed in the 35 
APS channel Kl byte on transmission path 110 away 
from the failure toward ring node 103. This line-switch 
request signal is designated SFx/101. Ring node 102 
also transmits a span-switch request message from the 
APS channel Kl byte on transmission paths 120 40 
towards failed node 101. The span-switch request mes- 
sage is designated SFs/101. As indicated above, a span- 
switch is only issued and can only be realized in a four 
(4) fiber bidirectional line-switched ring transmission 
system 100. Ring node 103 recognizes that the line- 45 
switch request message SF^/101 in the incoming APS 
channel Kl byte does not identify an adjacent ring node 
and, therefore, passes the line-switch request message 
on to ring node 104. Ring node 104 recognizes that the 
line-switch request message SF^/101 includes the ID of 50 
the adjacent failed ring node 101, A single node failure 

is indicated because ring node 104 has also detected 
loss-of-signal from ring node 101 on transmission path 
120. Consequently, ring node 104, under control of 
controller 205 (FIG. 2), causes all active communica- 55 
tions circuits in ring node 104 intended for ring node 
101 to be squelched, in accordance with the invention. 
The squelching is realized as described above in con- 
junction with FIG. 2 and the process of FIG. 8. Specifi- 
cally, referring to the communications circuit ID table 60 
for ring node 104 in FIG. 6, it is seen that communica- 
tions circuits STS-M (c) and STS-M (d) are to be 
squelched, in accordance with the invention. Communi- 
cations circuit STS-M (b) is identified as being broad- 
cast to both ring nodes 101 and 102. Since it is still 65 
desired to broadcast the STS-M(b) communications * 
circuit to ring node 102, no squelching is effected for it. 
This does not cause any communications circuit mis- 
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connection because the communications circuit contin- 
ues its transmission past the failed ring node on to the 
non-failed next broadcast ring node. Thus, communica- 
tions circuit STS-M(b) is ring loop-back-switched in 
ring node 104 to the protection bandwidth on transmis- 
sion path 120 and supplied thereon to ring node 102 
where it is appropriately dropped, in a manner as de- 
scribed above. Communications circuit STS-M(e) in- 
coming to ring node 104 in the service bandwidth on 
transmission path 110 is loop-back- switched to the 
protection bandwidth on transmission path 120 and 
supplied thereon to ring node 102 where it is appropri- 
ately dropped. Communications circuit STS-M(f) is not 
affected by the failure of node 101 and communications 
between ring nodes 103 and 104 are realized in normal 
fashion. 

As indicated above, ring node 104 detects a loss-of- 
signal on transmission path 120 from failed ring node 
101. Then, ring node 104 transmits a line-switch request 
message identifying the signal from ring node 101 as 
having failed in the APS channel Kl byte on transmis- 
sion path 120 away from the failure toward ring node 
103. Again, this line-switch request message is desig- 
nated SF//101. Ring node 104 also transmits a span- 
switch request message in the APS channel Kl byte on 
transmission path 110 towards the failed node 101. The 
span-switch request message is designated SFs/101. As 
indicated above, a span-switch can only be realized in a 
four (4) fiber bidirectional line-switched ring transmis- 
sion system 100. Ring node 103 recognizes that the 
line-switch request SFz/101 incoming in the APS chan- 
nel on transmission path 120 does not identify an adja- 
cent failed node and passes the line-switch request mes- 
sage on to ring node 102. Ring node 102 recognizes that 
the line-switch request message includes the ID of an 
adjacent failed ring node, namely, ring node 101. A 
single ring node failure is indicated because ring node 
102 has detected loss-of-signal from ring node 101 and 
has received a line-switch request message identifying 
node 101 as having failed. Consequently, ring node 102 
will squelch all active communications circuits intended 
for ring node 101. Communications circuits terminated 
in others of the ring nodes in ring 100 are appropriately 
bridged and loop-back- switched as required to "heal" 
the ring 100. 

FIG. 11 illustrates the failure message transmission in 
the automatic protection switch (APS) channel via the 
Kl byte for a multiple ring node failure in bidirectional 
line-switched ring 100. In this example, the failures are 
shown as being in ring nodes 101 and 104. Ring node 

102 detects a loss-of-signal from ring node 101 on trans- 
mission path 110 because of the failure of node 101. 
Then, ring node 102 transmits a line-switch request 
message identifying the signal from ring node 101 as 
having failed away from the failure toward ring node 

103 in the APS channel Kl byte on transmission path 
110. This line-switch request message is designated 
SFi/101. Ring node 102 also transmits a span-switch 
request message from the APS channel Kl byte on 
transmission paths 120 towards failed ring node 101. 
The span-switch request message is designated 
SFs/101. As indicated above, a span-switch request is 
only be issued and can only be realized in a four (4) fiber 
bidirectional line-switched ring transmission system 
100. Ring node 103 recognizes that the line-switch re- 
quest message SFl/101 in the mcoming APS channel 
Kl byte does not identify an adjacent failed ring node. 
However, ring node 103 detects loss-of-signal on trans- 
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mission path 120 from ring node 104. This loss-of-signal nications circuit passing through the first ring node 

indication in conjunction with the received line-switch which is terminated in the second ring node; and 

request message SFz/101 indicates to ring node 103 that a means for responsive to the detecting means for 

a number of ring nodes have failed, namely; nodes 101 blocking the active communications circuit which 

and 104. Since an adjacent ring node has failed, namely, 5 is terminated in the second ring node, 

ring node 104, and line-switch request message SF^/101 wherein the means for monitoring includes a means 

indicates that ring node 101 has also failed, all active for detecting a signal failure condition incoming to 

communications circuits in ring node 103 intended for the first ring node on either a first or a second 

both ring nodes 101 and 104 are to be squelched. The transmission path in the ring transmission, the first 

squelching is realized, under control of controller 205, 1° and second transmission paths connecting a plural- 

as described above in conjunction with FIG. 2 and the ity of ring nodes including the first and second ring 

process of FIG. 8. Specifically, referring to the commu- nodes, and a means for detecting line-switch re- 

nications circuit ID table for ring node 103 in FIG. 7, it quest messages in digital signals incoming to the 

is seen that communications circuits STS-M (a), STS-M first ring node on either of the first and second 

(c), STS-M (d) and STS-M (f) are to be squelched, in 15 transmission paths. 

accordance with the invention. Communications circuit 2. The apparatus of claim 1 in which each of the first 

STS-M(e) is not affected by the failure of nodes 101 and and second transmission paths comprises service band- 

104 and communications between ring nodes 103 and width and protection bandwidth, the line-request mes- 

102 are realized in normal fashion. sage being transported in an automatic protection 
Similarly, ring node 103 detects a loss-of-signal on 20 switch channel in the protection bandwidth of either 

transmission path 120 from failed ring node 104. Then, the first transmission path or the second transmission 

ring node 103 transmits a line-switch request message path. 

identifying the signal from ring node 104 as having 3. The apparatus of claim 2 in which the automatic 

failed in the APS channel Kl byte on transmission path ^ protection switch channel comprises at least a Kl byte 

120 away from the failure towards ring node 102. This in overhead of the protection bandwidth, 

line-switch request is designated SFl/104. Ring node 4. The apparatus of claim 1 further including a means 

103 also transmits a span-switch request message in the for storing identities of each one of the plurality of ring 
APS channel Kl byte on transmission path 120 towards nodes in the ring transmission system and in which the 
the failed node 104. The span-switch request message is 3Q means for monitoring is responsive to the detected line- 
designated SFs/104. As indicated above, a span-switch switch request messages for obtaining the identity of a 
request is only issued and can only be realized in a four failed ones of the plurality of ring nodes from the means 
(4) fiber bidirectional line-switched ring transmission for storing the identities. 

system 100. Ring node 102 recognizes the line-switch 5. The apparatus of claim 4 further including means 

request message does not identify an adjacent failed ring 35 for blocking the communications circuits terminated in 

node. However, ring node 102 has detected loss-of-sig- the failed ones the plurality of ring nodes, 

nal from ring node 101 on transmission path 110. This 6. The apparatus of claim 4 in which the means for 

loss-of-signal indication in conjunction with the re- blocking includes a means for generating an alarm indi- 

ceived line-switch request message SFj/104 indicates cation signal and a means for inserting the alarm indica- 

to ring node 102 that ring nodes 101 and 104 have failed. 40 tion signal in prescribed byte positions in the communi- 

Since an adjacent ring node has failed, i.e., ring node cations circuits to be blocked. 

101 and line-switch request message SF//104 indicates 7. The apparatus of claim 3 in which the means for 
that ring node 104 has also failed, all active communica- detecting a signal failure condition detects a signal fac- 
tions circuits in ring node 102 intended for both ring ure condition on either the first or second transmission 
nodes 101 and 104 are to be squelched. The squelching 45 path incoming to the first ring node and further includes 
is realized, under control of controller 205, as described a means for generating a line-switch request message 
above in conjunction with FIG. 2 and the process of including the identity of one of the plurality of ring 
FIG. 8. Communications circuits intended for ring nodes, if it is adjacent to the first ring node, from the 
nodes other than the failed nodes are bridged and/or direction that the signal failure condition was detected 
loop-back-switched as appropriate to "heal" ring 100. 50 and a means for inserting the generated line-switch 
The above-described arrangements are, of course, request message in the automatic protection switch 
merely illustrative of the application of the principles of channel in the protection bandwidth of one of the first 
the invention. Other arrangements may be devised by or second transmission paths in a direction away from 
those skilled in the art without departing from the spirit the detected failed one of the plurality of ring nodes, 
or scope of the invention. For example, other arrange- 55 8. A ring transmission system, including a plurality of 
ments may equally be employed to realize the desired interconnected ring nodes transporting communications 
squelching of the communications circuits. The circuits around the ring transmission system, at least of 
squelching may be realized, for example, by simply not one of the interconnected ring nodes comprising: 
bridging or loop-back-switching the communications a means for monitoring signals into the at least one of 
circuits, 60 the interconnected ring nodes to determine 
;laim>| " whether one of the at least two ring nodes has 
ring node for use in a ring transmission failed; 
system, comprising: a means responsive to a determination that one of the 
a means for monitoring signals into the first ring node at least two ring nodes has failed for detection an 
to determine whether a second ring node in the 65 action communications circuit passing though the 
ring transmission system has failed; at least one of the interconnected ring nodes which 
a means responsive to a determination that the second is terminated in the failed one of the at least two 
ring node has failed for detecting an active commu- ring nodes; and 
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a means responsive to the detecting means for block- monitoring signals into the at least one of the filter- 
ing the active communications circuit terminated connected ring nodes to determine whether one of 
in the failed one of at least two ring nodes, the at lea st two rin g nodes has failed; 

wherein the means for monitoring includes a means detecting an active communications circuit passing 

for detecting a signal failure condition incoming to 5 through the at least one of the interconnected ring 

the one of at least two ring nodes on either a first or " odes . wh,ch / terminated in another of the at least 

. . T ■ . . two ring nodes: and 

a second transm.ss.on path m the nng transmission bloddn * e ^ communications circuit which is 

system, the first and second transmission paths terminated in the another of the at least two ring 

connecting the at least two nng nodes, and a means j 0 nodes 

for detecting line-switch request messages in digital wherein' the step of monitoring includes a step of 

signals incoming to the one of at least two ring detecting a signal failure condition incoming to the 

nodes on either of the first and second transmission one of at least two ring nodes on either a first or a 

paths. second transmission path in the ring transmission, 

9. The apparatus of claim 8 in which each of the first 15 the first and second transmission paths connected 
and second transmission paths comprises service band- tne at least two ring nodes, and a step of detecting 
width and protection bandwidth, the line-request mes- line-switch request messages in digital signals in- 
sage being transported in an automatic protection coming to the one of at least two ring nodes on 
switch channel in the protection bandwidth of either rt of t t he / ir f f™ 1 S 5 e C ? nd ^ansrmssion paths, 
the first transmission path or the second transmission 20 V 5 * The method of claim 15 in which each of the first 

, and second transmission paths comprises service band- 

P , * ™ A rift- , At _ . width and protection bandwidth, the line-request mes- 

10. The apparatus >of claim 9 in which the automatic bei t rted in an automatic protection 
protection switch channel comprises at least a Kl byte switch channe] ^ ^ protection bandwidth of either 
in overhead of the protection bandwidth. 2 5 the first transmission path or the second transmission 

11. The apparatus of claim 8 further including a path. 

means for storing identities of each of the at least two 17. The method of claim 16 in which the automatic 

ring nodes in the ring transmission system and in which protection switch channel comprises at least a Kl byte 

the means for monitoring is responsive to the detected in overhead of the protection bandwidth, 

line-switch request messages for obtaining the identity 30 18. The method of claim 15 further including a step of 

of a failed one of the at least two ring nodes from the storing identities of each of the at least two ring nodes 

means for storing the identities. m tne n n S transmission system and in which the step of 

12. The apparatus of claim 11 further including a monitoring is responsive to the detected line-switch 
means for blocking the communications circuits termi- re< ^ uest usages for obtaining the identity of a failed 
nated in the failed one of at least two ring nodes. 35 one of the at least two rin S nodes from the stored identi * 

13. The apparatus of claim 11 in which the means for tie ? n — *u j r 1 • -1. • 1 j- r 
i_i 1 • • 1 j r t j- 1" The method of claim 18 further including a step of 
blocking includes a means for generating an alarm indi- U i 1 ■ *t. * . ^ , . V, 

r . , • blocking the communications circuits terminated in the 

cation signal and a means for inserting the alarm indica- failed Qne of at leMt twQ ring nQdes 

tion signal m prescribed byte positions in the communi- 40 20 xhe apparatus of claini 18 in which ^ step of 

cations circuits to be blocked. blocking includes a step of generating an alarm indica- 

14. The apparatus of claim 9 in which the means for tion signal and a step of inserting the alarm indication 
detecting a signal failure condition detects a signal fail- signal in prescribed byte positions in the communica- 
ure condition on either the first or second transmission tions circuits to be blocked. 

path incoming to the one of at least two ring nodes and 45 21. The method of claim 16 in which the step for 
further includes a means for generating a line-switch detecting a signal failure condition detects a signal fail- 
request message including the identity of another of the ur€ condition on either the first or second transmission 
at least two ring nodes, if it is adjacent to the one of at P ath incoming to the one of at least two ring nodes and 
least two ring nodes, from the direction that the signal further includes a step for generating a line-switch re- 
failure condition was detected and a means for inserting 50 ? uest messa S e the identity of another of the at 
the generated line-switch request message in the auto- tW0 nn f no , des ' * * ^ ad J a «nt to the one of at least 

matic protection switch channel in the protection band- tW ° rmg n ° dcS > *° m * C * Itc ? on Mure 

c c * » . . , . condition was detected and a step of inserting the gener- 

width of one of the first or second transmission paths m ated Iine . switch request messag £ m the aut S ma tic pro- 

a direction away from the detected failed one of at least 55 tection switch channel in the protec tion bandwidth of 

two nng nodes. one 0 f t ^ e f usi or second transmission paths in a direc- 

15. A method for use with at least one of a plurality of tion away from the detected failed one of at least two 
interconnected ring nodes in a ring transmission system, ring nodes. 

the method comprising the steps of: ***** 

60 



65 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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